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Description 

OPTICAL FILTER AND METHOD OF 
MANUFACTURING THEREOF 

Cross Reference to Related Applications 

[0001] This application claims the benefit of United States Provi- 
sional Application No. 60/465,066 filed 4/24/2003. 
Background of Invention 

[0002] This invention relates to optical filters for producing effi- 
cient bandpass reflection and transmission with very nar- 
rower line width and low sidebands. More particularly, this 
invention is related to the means for reflectance and 
transmission of the radiation (light) of comparatively 
longer wavelength. 

[0003] Optical Interference films are used in most optical systems 
to control or enhance spectral performance. The examples 
of classical applications include (de) multiplexing, guid- 
ing, deflecting and modulation of optical beams for the 
systems such as holography, integrated optics, optical 
communications, acousto-optics, nonlinear optics, and 



spectroscopy. These interference films are thin layers or 
blends of optical materials of difference refractive index. 
When light passes through a change in refractive index, 
partial reflection occurs. The coherence of these subtle 
reflections determines the nature of the filter's optical 
spectrum. Conventionally, there are two ways to fabricate 
the interference filters; (i) Discrete stacks (n\/4 thickness, 
where X and n optical wavelength and integer) and (ii) Ru- 
gate. Discrete stack filters are alternating layers of optical 
materials. Rugate filters on the other hand are a continu- 
ous graded, periodic blend of two optical materials. 
[0004] | n the case of discrete stacks light reflected within the 

high index layers will not suffer any phase shift on reflec- 
tion while that reflected from a low index layer will suffers 
a phase shift of 180 degrees. Thus the various component 
of the incident light produced by successive reflections 
though out the assembly will appear at the front surface 
all in phases so that they will combine constructively. This 
implies that the effective reflectance of the assemble can 
be made very high indeed, as high may be desired, merely 
by increasing the number of layers. This is the basis form 
of high reflectance films. When such coating films are 
constructed it is found that the reflectance remains high 



over a limited range of wavelengths, depending on the ra- 
tio of high and low refractive indices. Outside this region 
reflectance changes abruptly to zero. Because of this be- 
havior, the quarter wave stack is frequently used as the 
basic building block for many types of thin film filter. On 
the other hands, in the case of Rugate filters, the continu- 
ousness of the material refractive index is achieved by 
mixing ratio of the material blend. This determines the in- 
termediate refractive index of the film. Co-deposition 
makes Rugate filters extremely challenging to fabricate 
than discrete stacks. 
[0005] These two design methodologies provide a technology to 
fabricate thin film based reflection filters, especially in 
near infrared regions. When designing the comparatively 
longer infrared specially mid-infrared or long-infrared 
ranging from 3 um to 12 um, there is a serious limitation. 
For example, if the filter is optimized for 8 urn then the 
quarter wave plate thickness comes out to be thick for the 
IR materials, for examples around 0.83 um for Zinc Se- 
lenide (ZnSe) and 0.89 um for Zinc Sulphide (ZnS). Figure 
1 shows the simulated results of the filter using sixty 
pairs of quarter wavelength stacks of ZnSe/ZnS. For 30 
pairs of such stacks, we obtain a total thickness around 



51 urn and 100 urn for 60 pairs. Total thickness of de- 
posited materials more than few microns give rise to de- 
fects like cracks due to excessive stress creation, and 
thereby, make unstable in fabrication. Besides, under dif- 
ferent temperature operation, the filter made from this 
technique (quarter wavelength stacks) showed unstable 
due to the crack formation due to mismatching of the 
thermal coefficient of expansion (TCE). Besides, this un- 
stability in fabrication and operation, the wavelength band 
(at full wave at half maximum) achieved is also broader. 
Side lobes are seen at the side of the peak if the quarter- 
wavelength stacks are used. These could be minimized in 
some extend by using of Rugate filter design. However we 
cannot still achieve much narrower bandwidth even using 
of these two techniques. 

[0006] it is highly desirable to have a different technique by 

which the filter can be deigned with lower thickness of the 
layers and the filter can provide filter specific wavelength 
having the narrower bandwidth. 

[0007] According to the current invention, narrow band, high re- 
flectivity optical elements in the mid to long infrared 
wavelengths for astronomical, commercial, and industrial 
application can be designed which could be operated un- 



der different temperature. The manufacturing thereof is 
also simpler as compared with the prior art. Some appli- 
cations include chemical agent detection, atmospheric en- 
vironment sensing, and laser surgery. 
Summary of Invention 

[0008] Accordingly, it is an object of the invention to provide the 
technique which could offer the narrower bandwidth for 
the filtered wavelengths, and the filter can be designed 
with fewer layers (with lower thickness), different from the 
conventional thin films of different refractive index stacks. 

[0009] it is an object of this invention to use the diffraction type 
of grating sandwiched by the two thin layers, which could 
offer the narrower wavelength band and high reflectivity. 

[0010] Alternatively, it is also an object to provide the combina- 
tion of the grating and thin film to achieve the narrower 
bandwidth filtering characteristics. 

[001 1] Another object of the present invention is to provide the 
material types to be used for achieving the narrower filter 
characteristics for mid to long infrared wavelengths filter- 
ing, and their deposition techniques to grow/deposit. 
These materials are easy to deposit/growth using the 
standard IC technology. 

[0012] Another object of the present invention is to provide the 



fabrication process to fabricate the filter mentioned in this 
invention using the standard IC fabrication process. 
[0013] According to the invention, the filter comprises, 

[0014] (j)fjrst grating layer on the top of the substrate; 

[° 015 ] (ii)an uniform layer on the top of the said first grating, 
and; 

[0016] (iii)second grating layer on the top of the uniform layer; 

[0017] wherein the type of said first and second gratings could 
be synchronously or nonsynchronously sampled diffract- 
ing gratings, and also thickness of the layers are quarter 
wavelengths. 

[0018] According to the invention, the filter comprises, 

[0019] (j)fjrst grating layer on the top of the substrate; 

[0020] (jj) an uniform layer on the top of the said first grating; 

[0021] (iii)second grating layer on the top of the uniform layer, 
and; 

[0022] (i V ) £ j S integer where n =1,2, 3, and so on) number of 
sequence of layers comprising first grating, uniform layer, 
and second grating; 

[0023] wherein the type of said first and second gratings could 
be synchronously or nonsynchronously sampled diffract- 



ing gratings, and also thickness of the layers are quarter 
wavelengths. 

[0024] Alternatively, according to the invention, the filter com- 
prises, 

[0025] (j)fjrst grating layer on the top of the substrate, and; 

[0026] (jj) an uniform layer on the top of the said first grating; 

[0027] wherein the type of said first and second gratings could 
be synchronously or nonsynchronously sampled diffract- 
ing gratings, and also thickness of the layers are quarter 
wavelengths. 

[0028] Alternatively, according to the invention, the filter com- 
prises, 

[0029] (j)fjrst grating layer on the top of the substrate; 

[0030] (jj) an uniform layer on the top of the said first grating, 
and; 

[0031] (in) k j S integer where n =1,2, 3, and so on) number of 
sequence of layers comprising first grating, and uniform 
layer; 

[0032] wherein the type of said first and second gratings could 
be synchronously or nonsynchronously sampled diffract- 
ing gratings, and also thickness of the layers are quarter 
wavelengths. 



[0033] Alternatively, according to the invention, the filter com- 
prises, 

[0034] (j) an uniform layer on the top of the substrate; 

[0035] (jj) a grating layer on the top of the uniform surface; and; 

[0036] (m) £ j S integer where n =1,2, 3, and so on) number of 
sequence of layers comprising uniform layer and grating. 

[0037] wherein the type of said first and second gratings could 
be synchronously or nonsynchronously sampled diffract- 
ing gratings, and also thickness of the layers are quarter 
wavelengths. 

[0038] According to this invention the grating for the said first 
and also for the said second gratings covers all kinds of 
the diffracting gratings falls under synchronously or non- 
synchronously sampled diffracting gratings. 

[0039] According to this invention, materials easily deposited us- 
ing the vacuum deposition technique and also has low 
loss over Visible to long infrared region are used for the 
filter. The materials like ZnS, ZnSe, BaF, Y203, diamond 
can be used. 

[0040] other material such as Si02, SiNx, and TiOx can also be 
used. 

[0041] T ne invention offers low line-width with the high reflec- 



tivity or transmission characteristics for the desired wave- 
length of the light. These inventions could be easily im- 
plementable as today's manufacturing technology can be 
used. The methods described in this disclosure enables to 
make the filter for visible, near infrared, mid infrared or 
long infrared of wavelengths. 

[0042] Another advantage of this invention is that conventional 
material and IC fabrication technology can be usable to 
fabricate this filter. 

[0043] other objects, features, and advantages of the present in- 
vention will be apparent from the accompanying drawings 

and from the detailed description that follows below. 
Brief Description of Drawings 

[0044] jhe invention will be explained in more detail in conjunc- 
tion with the appended drawings wherein, 

[0045] FIG. 1 is the reflection spectrum of the filter consisting of 
the 60 pairs ZnS/ZnSe quarter wavelength stacks. This is 
an explanatory diagram showing the prior-art of today's 
filter using quarter wavelength stacks; 

[0046] FIG. 2. is the schematics showing a (a) single waveguide 
grating with larger spacing and (b) single waveguide grat- 
ing with smaller grating spacing according to this inven- 
tion, vindicates the grating period and f indicates the fill 



factor; 

[0047] FIG. 3 is the schematic showing the cross-sectional view 
of a filter structure having a double gratings and a single 
uniform layer in the first embodiment in accordance to the 
present invention; 

[0048] FIG. 4 is the table summarizes the type of the materials 
used in the simulation, in the second embodiment in ac- 
cordance with this present invention; 

[0049] FIGS. 5(a) and 5(b) are the simulated results of the struc- 
ture as shown in FIG. 3, for the grating period (nof 0.3 and 
0.5, respectively, according to this invention. Other pa- 
rameters used in the simulation are summarized in the 
Table, as shown in FIG. 4; 

[0050] FIG. 6 is the schematic showing the cross-sectional view 
of a filter structure having a single grating and a single 
uniform layer in the third embodiment in accordance to 
the present invention; 

[0051] FIGS. 7(a) and 7(b) are the simulated results of the struc- 
ture as shown in FIG. 5, for the grating period (□ of 0.3 
and 0.5, respectively, according to this invention. Grating 
structure having grating spacing of 4.6 urn is considered 
in the simulation . Other parameters used in the simula- 
tion are summarized in Table I; 



[0052] FIG. 8 is the table summarizing the expected results in the 
fourth embodiment for the filter structures as shown in 
FIGS. 4 and 6 (reflective type for example) and the materi- 
als as shown in FIG. 4. Conventional quarter-wavelength 
stacks based filter performance is also shown in FIG. 8 for 
comparison; 

[0053] FIG. 9(a) to FIG. 9(c) is the schematic showing the fabrica- 
tion process of the filter in the fifth embodiment in accor- 
dance to the present invention; 

[0054] FIG. 10(a) and FIG. 10(b) are the schematic showing an 
example of the cross-sectional views of the multilevel 
gratings used as the first and second gratings, in the sixth 
embodiment in accordance to the present invention; 

[0055] FIG. 11(a), FIG. 11(b), and FIG. 11(c) are the schematics 
showing the cross-sectional views of the filter structures 
in the seventh embodiment in accordance to the present 
invention; 

[0056] FIG. 12(a), FIG. 12(b), and FIG. 12(c) are the schematics of 
diffraction gratings showing the examples of the different 
phase levels for each pixel for different periods: (a) 2, pix- 
els per period, (b) 4, and 3, 2 pixels per period, in the 

eight embodiment in accordance to the present invention; 
Detailed Description 



[0057] The best modes for carrying out the present invention will 
be described in turn with reference to the accompanying 
drawings. In the following description, the same reference 
numerals denote components having substantially the 
same functions and arrangements, and duplicate explana- 
tion will be made only where necessary. 

[0058] Here the structure and design we mention are for the re- 
flectance type of filter. However, similar structure can be 
useful for designing the transmission type filter. 

[0059] FIGS. 2(a) and 2(b) shows a resonant waveguide grating 
consisting of a periodic structure where A is the grating 
period and f is the fill factor. We observe the incident and 
diffracted waves. On coupling the externally propagating 
waves to the waveguide modes, sharp resonance phe- 
nomenon arises. These resonances occur when one of the 
diffracted waves generated by the grating element gets 
phase matched to the leaky mode of the waveguide struc- 
ture. This can be achieved by making the grating spacing 
smaller than the resonant wavelength as shown in FIG. 
2(b). This causes the higher order diffracted waves to be 
evananescent. This makes it possible for the zero order to 
complete energy exchange between forward and back- 
ward propagating wave. Thus, at resonance wavelength a 



sharp reflection peak occurs i.e. guided mode resonance 
occurs. This is the basis of obtaining high reflectance at a 
specific wavelength. Thus, the high reflectance is a com- 
bination of waveguide mode induced resonance and thin 
film interference effects. Since, the gratings are high spa- 
tial frequency waveguide gratings, the grating layer is ap- 
proximated by its equivalent homogeneous layer having 
refractive index equal to the average refractive index of 
the grating layer. Thus by applying thin film interference 
theory, the off resonance response of the waveguide grat- 
ing can be understood. We propose the filter structure 
comprising the thin film grating and single layer, which 
expect to provide the high reflectivity and narrow line 
width at the peak wavelength. 

[0060] The achieving high reflectivity filter requires selecting the 
material and substrate operates in long infrared. Much of 
the work on filter as used in optical communication oper- 
ates near infrared wavelength. Another objective is to 
identify material, substrate and their deposition tech- 
nique. We propose a high reflectivity filter designs 
(including materials) and their fabrication process. 

[0061] As mentioned previously, it is very straight forward that 
increasing the quarter wavelength stacks of uniform lay- 



ers, as used conventionally can able to reduce the 
linewidth and also offer the high reflectivity. However, for 
the filter operated in the mid and long infrared regions 
requires thicker stacks, total thickness as high as 50 to 
100 pirn, which makes difficulty in the fabrication and also 
makes instability in the operation due to the mismatching 
of thermal coefficient of expansion (TCE). It is therefore, 
required a filter structure, which has total thickness, 
ranges from 1 to 5 urn and can be fabricated using the 
standard IC manufacturing technology. 
[0062] | n t he preferred embodiments explanation, first the filter 
structures will be explained with the simulated results, 
and the later part of this section cover the fabrication of 
the filters. 

[0063] FIG. 3 is the schematic showing the cross-sectional view 
of a filter structure having a double gratings and a single 
uniform layer in the first embodiment in accordance to the 
present invention. In the preferred embodiment, the first 
grating 12 is located on the top of the substrate 10. The 
uniform layer 14 is located/sandwiched by grating layer 
12 and 16. The upper most layer 18 is considered to be 
air. At resonance, strong coupling occurs between the ex- 
ternal propagating waves and the adjacent evanescent 



waves, with the resonance effects dominating the thin 
anti-reflection coating (AR) effects. For the grating struc- 
ture shown in Figs. 3, the AR requirements are satisfied by 
selecting the thickness of the layers to be equal to the 
quarter of the resonance wavelength and the refractive in- 
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dices obeying the condition n /n =n /n where n 

2 l,av S C l,av 

is the average refractive index of the top layer, n is the 
refractive index of the uniform layer, and n , n are the 
refractive indices of the substrate and cover respectively. 
Thus, reflectance can be lowered over an extended spec- 
tral range without reducing the peak response. The thick- 
ness of grating and uniform layers estimated were 1.08 
urn and 0.9 urn, respectively for 0.5 fill factor and 1.12 
urn and 0.9 urn, respectively for fill factor of 0.3. For the 
simplicity of the drawing, we have considered the syn- 
chronous sampled diffraction gratings of 20 and 22, hav- 
ing the refractive indices of n (high) andn (low). How- 

H L 

ever, the diffraction grating could be any kinds of gratings 
either synchronously sampled or nonsynchronously grat- 
ings having either single level or multilevel (not shown) 
steps. The n , n andn are the refractive indices of the 

r S CI, C2 

substrate, topmost layer, and uniform layer used in the 
filter structure as shown in FIG. 3. 



[0064] | n fj|t er design, the materials to be used in the filter are to 
be considered in the filter design. Based on the material 
properties (e.g. refractive index, the attenuation etc), the 
filter properties vary. For designing the filter able to oper- 
ate in the mid and long infrared region, we have consid- 
ered the material systems, which have low loss over broad 
spectral regions (from UVto long IR), and also compara- 
tively higher refractive indices. The material considered is 
summarized in Table as shown in FIG. 4 as the second 
preferred embodiment, in accordance to the present in- 
vention. In the preferred embodiment for citing the simu- 
lated results, we have considered BaF as the substrate, Y 
2 0 3 (Yttrium Oxide) as the low index grating material, dia- 
mond as the high index grating material, and ZnS as the 
uniform layer. However, any combination could be used 
with well designed structure mentioned in the first em- 
bodiment. 

[0065] FIG. 5(a) and FIG. 5(b) are the simulated results for the fil- 
ter structure as shown in FIG. 3, for the grating period of 
0.3 and 0.5. Grating structure having grating spacing of 
4.7 microns is used in the simulation . Other parameters 
used in the simulation are summarized in Table, as shown 
in FIG. 4. The filter structure is optimized for the wave- 



length of 8 pirn filtering (reflective type). The results sug- 
gested that the line width as low as 0.6 nm is possible for 
the 0.3 grating period and the line width increase to 1.2 
nm if the grating period is increased to 0.5. Narrow 
linewidth as small as sub-nanometer range filter can be 
achieved using the proposed structure for the long IR re- 
flective type filter. The reflectivity achieved also is over 
99%. 

[0066] FIG. 6 is the schematic showing the cross-sectional view 
of a filter structure having a double gratings and a single 
uniform layer in the third embodiment in accordance to 
the present invention, wherein the same numerals repre- 
sents same parts mentioned before, so that repeated ex- 
planations are omitted here. In the preferred embodiment, 
the uniform layer 12 is located on the top of the substrate 
10. The grating layer 14 is located on the top of the uni- 
form layer 12. The upper most layers 18 are considered to 
be air. For the simplicity of the drawing, we have consid- 
ered the synchronous sampled diffraction gratings of 20 
and 22, having the refractive indices of n (high) and n 

H 

l (Iow). However, the diffraction grating could be any kinds 
of gratings either synchronously sampled or nonsyn- 
chronously gratings having either single level or multilevel 



(not shown) steps. The n , n andn are the refractive 
indices of the substrate, topmost layer, and uniform layer 
used in the filter structure as shown in FIG. 6. 
[0067] FIG. 7(a) and FIG. 7(b) are the simulated results for the fil- 
ter structure as shown in FIG. 6, for the grating period of 
0.3 and 0.5. Grating structure having grating spacing of 
4.6 urn is used in the simulation . Other parameters used 
in the simulation are summarized in Table as shown in 
FIG. 4. The filter structure is optimized for the wavelength 
of 8 pirn filtering (reflective type). The results suggested 
that the line width as low as 22.2 nm is possible for the 
0.3 grating period and the line width increase to 31.4 nm 
if the grating period is increased to 0.5. More narrower 
linewidth can be expected with optimizing the physical 
parameters of the proposed structure for the long IR re- 
flective type filter. The reflectivity achieved also is over 
99%. 

[0068] FIG. 8 shows the Table summarizes the performances of 
the reflective type filter designed for 8 urn for the struc- 
ture as shown in FIGS. 3 and 6 and for the material as 
mentioned in FIG. 4, in the fourth preferred embodiment. 
For comparison, performance for the filter made from 
conventional quarter-wavelength stacks layers are also 



shown in FIG. 8. Results indicated that high reflectivity as 
high as > 99% and narrow bandwidth below < 0.6 nm (see 
FIGS. 5) can be achievable using the proposed design. 
Simulated results also indicated that narrower bandwidth 
could be achievable reducing the fill factor. The leakage is 
also very small (< 5%) for both designs. 
[0069] The above calculation for the proposed design structure is 
for the material combination as summarized in Table of 
FIG. 4. Other combination of the grating and single layer 
and/or their sequences can also be applied. For sake of 
the simplicity we have considered the material combina- 
tions as mentioned in FIG. 4, their different combination 
and/or with other materials or the alloy formed from the 
material combination from II— VI periodic table can also be 
considered. 

[0070] FIGS. 9(a) to 9(c) are the schematic showing the fabrica- 
tion process of the filter in the fifth embodiment in accor- 
dance to the present invention wherein the same parts are 
represented by the same numerals so that repeated ex- 
planation is omitted here. This fabrication process de- 
scribed here is only for example, any kinds of the filter 
structure consisting of grating and uniform layers can be 
fabricated using the fabrication process herewith de- 



scribed. 

[0071] | n t he preferred embodiment, the material system either 
as shown in FIG. 4, or any combination of material or al- 
loys from the ll-VI periodic table can be used. After de- 
positing the high refractive index material 20 (e.g. dia- 
mond) on the substrate 10 (e.g. BaF), dry etching follow- 
ing the patterning can be used to make the grating of 
high index. This is followed by the deposition of the low 
index material 22 (e.g. Y^), and planarization using the 
chemical mechanical polishing (CMP) technique. After that 
the uniform layer 14 (ZnS) and the grating layer of 16a is 
formed subsequently on the top of the first grating 12. 
Second grating 16 exactly the same way as the first grat- 
ing 12, so that the repeated explanation is omitted here. 

[0072] For depositing the thin film having thickness of the quar- 
ter wavelength, conventional vacuum deposition tech- 
niques frequently used in IC industry, such as sputtering, 
evaporation or chemical vapor deposition techniques can 
be used. In the preferred embodiment we have mentioned 
to make the grating after forming the patterning using 
standard photolithography technique and subsequent 
dry-etching process using such as reactive ion etching 
(RIE) or reactive ion beam etching (RIBE) technique. The 



grating can be made using the laser drilling using the high 
power laser such as Excimer laser or so. 

[0073] For simplicity in the design and also describing the fabri- 
cation process, we have considered 2 steps gratings hav- 
ing phase depth of 0 and tt radian. Multilevel grating can 
also be used, and can be formed using of the multi- 
etching process steps. Alternatively, gray-scale pho- 
tolithographic masks where single etching process is nec- 
essary, can be used to make the multilevel grating. 

[0074] FIG. 10(a) and FIG. 10(b) are the schematic showing the 

cross-sectional view as an example of the multilevel grat- 
ing used in the filter structure in the sixth embodiment 
according to the present invention, wherein the like parts 
represents the like numerals so that repeated explana- 
tions are omitted here. In the preferred embodiment, 
multilevel gratings 24 and 26 can be used as the low and 
high index gratings, and they could be formed as the 
same periodicity layers between 12bb and 16bb (FIG. 
10(b)) or just opposite periodicity layers between 12aa 
and 16aa (Fig. 10(a)). 

[0075] The present invention has been described above byway of 
its embodiments. However, those skilled in the art can 
reach various changes and modifications within the scope 



of the idea of the present invention. Therefore it is to be 
understood that those changes and modifications also be- 
long to the range of this invention. For example, the 
present invention can be variously changed without de- 
parting from the gist of the invention, as indicated below. 

[0076] According to the present invention, it is our object to have 
the filter structure, which could provide the narrow 
linewidth, and high reflection (transmission) for mid and 
long infrared region. In the preferred embodiments as ex- 
plained above from FIGS. 3 to 10, reflective type filter for 
mid and long infrared light are mentioned similar struc- 
ture (only based on the well design) transmission filter can 
be designed. In addition, for example, we have shown the 
data for the filter designed at the peak wavelength of 8 
urn. Similar structures with optimizing the physical pa- 
rameters and also the optimize selection of the material 
(considering the materials optical properties e.g. refractive 
index and loss), the reflective type filter having the peak 
wavelength reflection in between 3 to 10 urn wavelength 
of lights, can also be designed using similar approach. 

[0077] | n the preferred embodiments, performances are calcu- 
lated considering the substrate and materials, which are 
easily available, and also are friendly to manufacturing. 



For substrate material, we choose Barium Fluoride (BaF) 
having refractive index 1.47, due to its high transmission 
over wide range of spectral wavelengths (from 0.15 to 
12.5 urn), and also its availability as the wafer from com- 
mercial source. Other filter materials used for fabrication 
are ZnS, Yttrium Oxide ( Y 2 0 3 ). Diamond, due to their high 
transmission and also their easy deposition, and also their 
low coefficient of thermal expansion (CTE). Other materi- 
als showing high transmittance in longer wavelengths of 
light and stable also covers this invention. The single ma- 
terial like diamond or alloy formed by the combination of 
1 1— VI (in periodic Table) materials such as ZnO, ZnSe etc. 
[0078] According to the invention, alternatively, a single uniform 
layer sandwiched by the two grating layers can also form 
the filter structure. The filter can be formed by forming k ( 
k is the integer, where k = 1,2, 3.) number of sequences, 
wherein each sequence consist of the single layer sand- 
wiched by two grating layers. FIGS. 11(a), 11(b) and 11(c) 
are the schematics showing the different filter structures 
in the seventh embodiment in accordance to the present 
invention, wherein the same numerals represents the like 
parts as mentioned previously, so that repeated explana- 
tions are omitted here. Herek (where k=l, 2,3, 4,) number 



of sequence of the layers like 28k, 30k, and 32k forms the 
different filters. 

[0079] Also in the preferred embodiment, the filter structure can 
have the AR coating at the top of the layer (not shown) 
where the incident beam is incident, to reduce the reflec- 
tion loss. This AR coating can be designed using the stan- 
dard technology. 

[0080] According to this present invention, alternatively, the filter 
structure can be formed by a single grating and single 
uniform surface wherein the grating is formed on the top 
of the substrate. The filter can be formed by forming k (k 
is the integer, where n = 1,2, 3) number of sequences, 
wherein each sequence consist of the single uniform layer 
and single grating layer, as shown in FIG. 11(c). 

[0081] Alternatively, according to the present invention, grating 
can be made on the top of the substrate surface. This 
helps to eliminate a grating layer and makes the filter 
thickness thinner. 

[0082] | n t he preferred embodiment described from FIGS. 3 to 
10, the grating considered is the two-step type having 
phase depth of 0 and n radian. The multilevel gratings 
having the steps N > 2, synchronously or nonsys- 
nchronously samples gratings can be used. FIG. 12(a) , 



FIG. 12(b), and FIG. 12(c) are the example of the diffrac- 
tion grating showing the phase levels for each pixel for 
different periods in the eight embodiment in accordance 
to the present invention. 

[0083] The present invention is expected to be found practically 
use in astronomic observatory instrument, military surface 
preparation, chemical agent detection system, and also in 
the free-space laser communication where the longer in- 
frared wavelengths are used. 

[0084] Although the invention has been described with respect to 
specific embodiment for complete and clear disclosure, 
the appended claims are not to be thus limited but are to 
be construed as embodying all modification and alterna- 
tive constructions that may be occurred to one skilled in 
the art which fairly fall within the basic teaching here is 
set forth. 

[0085] what IS CLAIMED IS: 



